The contribution of hematocrit (Ht) changes on cerebral blood flow (CBF) and brain oxygenation in ischemic cerebrovascular disease is still controversial. In the present study, effects of Ht variations on CBF and oxygen delivery were investigated in patients with ischemic cerebrovascular disease. CBF was measured by the Xe-133 intracarotid injection method in 27 patients, whose diagnoses included completed stroke, reversible ischemic neurological deficit, and transient ischemic attack. Ht values in the patients ranged from 31 to 53%. There was a significant inverse correlation between CBF and Ht in these Ht ranges. Oxygen delivery, i.e., the product of arterial oxygen content and CBF, increased with Ht elevation and reached the maximum level in the Ht range of 40-45% and then declined. The CBF-Ht and oxygen transport-Ht relations observed in our study were similar to those in the glass-tube model studies by other workers rather than to those in intact animal experiments.
It is widely assumed that cerebral blood flow (CBF) reduction with elevated hematocrit (Ht) may play an important part in cerebral infarction, but evidence in the literature is sparse and conflicting (Kannel et al., 1972; Ott et al. , 1974) . Effects of Ht variations on regional hemodynamics and metabo lism have been studied mostly in animals (Richardson and Guyton, 1959; Haggendal et al. , 1966; Jan and Chien, 1977; Fan et al. , 1980; Murray et al. , 1963) , but there have been few human studies. Recently, Thomas et al. (1977) reported that there was an inverse correlation between CBF and Ht in hemodilution in man. However, according to the animal study by Haggendal et al. (1 966) , Ht changes have negligible effects on CBF over a wide range of Ht values.
In previous studies, there have been several problems to be considered. First, do Ht changes, both in the physiological range and at extreme val ues, influence CBF? Second, are the relationships between CBF and Ht different in healthy and dis eased conditions?
In the present study, the effects of Ht variations were investigated in the pathological subjects, i.e., with ischemic cerebrovascular disease in a nearly physiological range of Ht (31-53%). Further, the "optimal hematocrit" for the brain oxygenation in ischemic cerebrovascular disease is discussed.
PATIENTS AND METHODS
CBF was measured in 27 patients with ischemic cerebrovascular disease; the diagnoses included completed stroke in chronic stage (20 cases), re versible ischemic neurological deficit (1 case), and transient ischemic attack (6 cases). Mean age was 50 ± 14 years.
Computed tomography (CT) and cerebral angiog raphy were performed in all patients. The details of their findings were given in Table 1 . The severity of stroke in the patients was mild or moderate and the conscious levels were alert or drowsy. CBF was measured by the Xe-1 33 intracarotid injection method at the affected hemisphere using an Anger-type gamma camera with an on-line minicomputor system (Kimura et al., 1980) . The examination was performed after obtaining in formed consent. CBF values were calculated by initial slope analysis and corrected for the standard CBF with hemoglobin and PaC02 by the formula of H�edt-Rasmussen et al. (1966 H�edt-Rasmussen et al. ( , 1967 . The sample for blood gas analysis was taken from the internal carotid artery and analyzed by an AB-L2 au toanalyser (Radiometer) for Pao2, Paco2, arterial oxygen saturation (Sa02) and hemoglobin concen tration (Hb). Ht was determined with a micro hematocrit method, centrifuging at 11,000 rpm for 5 min (Sakuma microcentrifuge RL-70). The param eters for oxygen transport were calculated by the following formulas (Filley, 1972) :
Arterial oxygen content (ml 02/dl) = Hb (g/dl) x 1.34 x Sa02 (%)/100 + 3.0 x 10-3 X Pao2 (mm Hg), Oxygen delivery (ml 02/100 g/min) = arterial oxygen content x CBF (mIII OO g/min) x 10-2• Blood pressure was also measured in the study. 
RESULTS

CBF and Ht Values
The CBF values in the 27 cases ranged from 23 to 66 mVlOO g/min, with mean value of 40 ± 8 mVlOO glmin (mean ± SD). Ht values ranged from 31 to 53%, with mean value of 42 ± 5%. There was no marked relation between CBF values and the CT or angiographic findings. These values are shown in Table 2 .
CBF-Ht Relationship
As shown in Fig. 1, there 0. 91; p < 0. 001). Oxygen delivery ranged from 4.87 to 9. 71 ml 02/100 g/min, with mean value of 7.09 ± 1.28 ml 02/100 g/min. The detailed data of oxygen content and oxygen delivery are given in Table 2 . Oxygen delivery increased with increasing Ht and reached a maximum level in the Ht range of 40-45%. Above 45%, the values declined (Fig. 2) .
DISCUSSION
The relationship between CBF and Ht in ischemic cerebrovascular disease remains controversial. The essential question involves the effect of Ht changes on blood flow in diseased vessels. In studies on the healthy animal by Haggendal et al. (1966) , CBF was not significantly changed by Ht variation between 30-60%. In the present study of ischemic cere brovascular disease, CBF changes were observed in a relatively narrow range of Ht, i.e., CBF ranged from 66 to 23 mlll OO glmin at Ht values from 31 to 53%. There was a significant inverse correlation between CBF and Ht (p < 0.05).
It is likely that blood flow in normal subjects is maintained despite elevated Ht values due to the metabolic control mechanism intrinsic to the cere bral circulation. However, in patients with cere brovascular disease relatively small Ht changes produce CBF alterations because of a defective autoregulatory mechanism (Friedland and Grant, 1979) .
J Cereb Blood Flow Metabol, Vol. I, No. 4, 1981 Previous in vitro studies with glass-tube models and in vivo animal experiments showed that differ ences exist between the flow of blood in biological systems and those through glass tubes (Crowell and Smith, 1967) . In the glass-tube study, the CBF-Ht relation was represented as a negative exponential. Blood flow decreased steeply with Ht increases in the range of 30-50%. The oxygen transport Ht relations showed a parabolic configuration: oxygen transport was reduced at low Ht, rose steeply with Ht increases, reached a maximum in a narrow range of Ht, and then declined steeply.
In contrast, in animal experiments by Fan et al. (1980) , CBF tended to remain constant in the Ht range of 30-50%; and oxygen transport was also maintained over a wide range of Ht. These authors observed compensatory vasodilation at high Ht to maintain CBF and oxygen transport in the cerebral as well as the coronary circulation. They suggested that neurohumoral and/or local autoregulatory fac tors, namely, vasomotor adjustment, may function in such experimental manipulations of Ht and blood viscosity.
In the present case, CBF appeared to be depen dent on the Ht values between 31-53%. Oxygen delivery was reduced in the low range of Ht and rose steeply with Ht increases. The maximum value was observed in the Ht range of 40-45%. Above 45%, oxygen delivery declined. These results are similar to those in the glass-tube studies rather than to those in the healthy-animal experiments. We suggested, therefore, that in ischemic cerebrovas cular disease, the vasomotor adjustment to Ht vari ations is impaired so that the relationship between CBF or oxygen delivery and Ht differs from that in healthy subjects.
Previous studies on the relationship between Ht and oxygen transport in the systemic circulation have led to the concept of an "optimal hematocrit" for tissue oxygenation (Thorling and Erslev, 1968; Jan and Chien, 1977) . Optimal hematocrit may be a function of local hemodynamic factors and meta bolic activities (Jan and Chien, 1977) . Thus, the ef fects of Ht variations should also be analyzed in the view of oxygen demand and oxygen availability. In ischemic cerebrovascular disease these matters re main to be investigated. However, the present study provides a better understanding of CBF re sponse to Ht variations and of an "optimal hemato crit" with respect to brain oxygenation in ischemic cerebrovascular disease.
